Supernumerary teeth often cause tooth retention. The presence of supernumerary teeth, depending on their shape, number and location, can create unfavorable conditions for the development of the dental arches and occlusion, resulting in significant functional and esthetic disorders.
Tooth retention is an abnormality that requires attention for both scientific and practical reasons. Usually, this anomaly is accompanied by disturbances in the tooth eruption sequence, by tooth crowding, diastema and cyst formation. Among other causes, tooth retention is often caused by supernumerary teeth (ST), which occur as single, multiple, unilateral or bilateral anomalies in the maxilla, mandible or both jaws. 1 A statistically significant association has been found between unerupted incisors and other inherited dental anomalies, in particular hyperdontia. 2 The presence of supernumerary tooth is the most common cause of maxillary incisor eruption failure. Delayed eruption of associated teeth has been reported in 28-60% of Caucasians with supernumerary teeth. 3 The clinical manifestations of hyperdontia can vary widely and depend on many factors: the number of supplemental teeth, their size, shape and location in the jaws. 1, 4 The presence of a supernumerary tooth or teeth often causes upper midline deviation, space loss, disturbed eruption or rotated central incisors. 5, 6 Supernumerary teeth located in the anterior region of the maxilla are usually palatally located. 7 The location of supernumerary teeth plays a major role in the diagnosis and treatment, especially in determining the necessity of surgical intervention. 8 The clinical diagnosis can be confirmed by radiographic examination. Anthonappa et al. reported that panoramic radiographs are not sufficient to reliably identify supernumerary teeth. 9 Different radiographs are necessary to diagnose ST location. Widely used techniques for determining the location of supernumerary teeth include vertical tube shift and horizontal tube shift. In 2013, Toureno et al. proposed "a guideline to locate and identify supernumerary teeth in two and three dimensions, which may reduce treatment errors and improve communication among health care providers and third-party administrators". 10 Surgical removal of impacted teeth requires great accuracy in the diagnosis and the localization of the teeth. Because of its 3D images, cone-beam computed tomography (CBCT) has a greater potential than conventional radiography for providing precisely detailed information, so the possibility of surgical errors is greatly reduced. 11, 12 Each case of tooth retention, especially when caused by hyperdontia, requires an individual approach considering the patient's age and the location and topography of the teeth. 13 This article presents some solutions to these issues.
Among 94 patients with tooth retention treated at the authors' departments, 24 cases were identified as involving retention of the upper central incisors. In 18 of these cases (75.0%) the condition was caused by supernumerary teeth ( Table 1 ).
The number of male patients with supernumerary teeth preventing the incisors from erupting was 3.5 times higher than the number of females. The primary therapeutic approach for patients with hyperdontia causing failure of incisor eruption is extraction of the supernumerary teeth.
In two patients with dentition in the early transitional period, after extraction of supernumerary teeth, the central incisors erupted within three months without a doctor's intervention. The orthodontic treatment that followed in both cases was aimed at correcting the torsiversion the incisors displayed upon eruption.
Below, examples of different clinical approaches to supernumerary tooth extraction are provided.
Case reports Case 1
A nine-year-old girl was referred to the Department of Orthodontics of Lviv National Medical University (Lviv, Ukraine) with a lack of left central and lateral permanent incisors in the upper jaw. Clinical examination revealed the early period of primary occlusion, normognathic occlusion and a midline shift to the left; teeth 61 and 62 were present in the dental row. The intraoral radiograph and panoramic x-ray ( Fig. 1) revealed retention of the left central and lateral incisors and supernumerary teeth that projected into the crowns of the retained teeth.
A CT scan was made to update and specify the location of the supernumerary teeth. To extract them, the decision was made to establish access to them through the opening that was made after extracting a deciduous incisor. The two supernumerary teeth were extracted (Fig. 2) , and tooth 21 erupted independently after two months.
Case 2
A nine-year-old boy with a lack of central maxillary incisors was referred to the Department of Orthodontics. He was in the early period of primary occlusion. There were no visible lesions in the mucous membranes of the Clinical examination revealed the presence of a partially erupted conical tooth (Fig. 3) . Radiological examination showed a supernumerary conical tooth between the central incisors that was preventing them from erupting. The left central incisor was rotated 45 o (Fig. 4) . After the supernumerary tooth was extracted (Fig. 5) , the central incisors erupted independently within months, but were torsiverted. A removable appliance with an activation arm was used to correct the position of the central incisors. After five months positive functional and esthetic results were achieved (Fig. 6 ).
In patients with permanent occlusion, crown exposure of the retained tooth is performed simultaneously with the supernumerary tooth extraction, immediately followed by fixing the orthodontic element for its movement into the dental arch.
The objective of this intervention is to gain access to the crown of the retained tooth without damaging the mar- ginal edge of the gum. This provides a better esthetic effect in the area of the retained tooth that has been moved to the dental arch. In all cases, the central incisors were accessed from the vestibular side of the alveolar process.
If retention is caused by hyperdontia and after extraction of the supernumerary tooth/teeth the cavity in the jaw bone prevents the retained tooth from initiating movement, staged surgery might decided upon in some cases. The first stage is the exposure of the crown of the retained tooth. Once the supernumerary tooth shifts closer to the edge of the alveolar process as a result of the movement of the retained tooth, the second stage of the surgery is carried out: extraction of the supernumerary tooth, which is less invasive and traumatic for the bone and considerably shortens the post-surgical treatment time.
Case 3
A 22-year-old female came to the Depertment of Orthodontics complaining that an absent right upper canine caused an esthetic defect. Clinical examination revealed Angle's class 1 malocclusion, left-sided cross bite, teeth 33 and 34 in a vestibular position, and tooth 23 was missing. X-ray imaging (Fig. 7) showed the retained tooth 23 with a formed root and correct anatomical structure, and a supernumerary tooth causing the failure of tooth of 23 to erupt.
Non-removable Roth 0018 orthodontic appliance was fitted for the patient and after five months of treatment with open springs enough space was created to move tooth 23 into the dental arch.
An orthodontic button was fixed to the exposed surface of the retained 23 from the palatal side of the alveolar bone (Fig. 8) . The double-arch method was used to move the retained tooth, using a 0.017" × 0.022" steel rectangular arch as the main stabilizing one and a 0.016" round NiTi arch, which provides light continuous force on the retained tooth.
After 5 months of tooth 23 movement, when the supernumerary tooth started emerging and visualized on the vestibular surface of the alveolar bone, the second surgical procedure was performed: removal of the supernumerary tooth, after which the movement of the retained tooth continued. The total duration of the treatment was 23 months. After the treatment a removable retainer was made. In this case, the individual treatment plan and individualized approach allowed the retained tooth to be successfully moved without significant loss of volumetric bone density.
In some cases, when the supernumerary tooth is large in size or when a retained tooth cannot be accessed without extracting the supernumerary one, a large cavity is expected in the jaw bone. In this situation, orthodontic treatment is preceded by bone grafting. The following is a clinical example.
Case 4
A 21-year-old male came to the Department of Orthodontics complaining of the formation of a neoplasm on the upper left jaw. Clinical examination and x-ray (Fig. 9) led to a diagnosis of Angle's class 1 malocclusion, insignificant crowding of the teeth in the anterior area of the lower jaw, retention of tooth 23, hyperdontia between teeth 22 and 23, and a follicular cyst.
In the Surgical Department under local anesthesia a trapezoid mucoperiosteal flap above the location of tooth 23 was mobilized. The follicular cyst was extracted and the crowns of the impacted 23 and the supernumerary tooth were exposed. To reduce the trauma from extraction, the supernumerary tooth was divided beforehand into two parts with a bur and then extracted. Given the significant defect of the osseous tissue of the upper jaw in the location of the extracted cyst and supernumerary tooth, it was decided to place a bone graft. The cavity was filled with 1.5 g of Bio-Oss ® (Geistlich Pharma, Wolhusen, Switzerland) and Bio-Gide ® collagen membrane (Geistlich). The mucoperiostal flap was closed and the wound was sutured (Fig. 10) . Postoperative instructions and the necessary prescriptions were given to the patient. The healing period passed without any complications.
After 6 months a second x-ray was taken, and it showed good osteointegration of the bone graft material (Fig. 11) .
After 7 months the retained tooth erupted by itself, but in a vestibular position and turned around its axis. A nonremovable Roth 0018 orthodontic appliance with open springs was used to create sufficient space. The double arch method was used to move tooth 23 into the dental arch. Active treatment lasted for 7 months. The achieved result was satisfactory and stable (Fig. 12) . After removing the braces the patient uses a removable retainer.
It is significant that in this situation the retained tooth erupted through the newly formed bone made of bone substitute. This way, full dentition was maintained, without extracting tooth 24. 
Discussion
Retention of teeth in conjunction with hyperdontia is a complex condition that requires a carefully planned approach to the treatment. 14 The choice of treatment should be individualized and based on a thorough examination. As Alling et al. wrote, "Methods of management of crowding or impaction due to supernumerary [teeth] are: remove supernumerary teeth or tooth only, remove supernumerary teeth and bone overlying impacted teeth, incision of fibrous tissue over the alveolar ridge to promote the eruption with or without orthodontic traction". 15 To bring retained teeth into the dental arch, surgical exposure or surgical repositioning can be used in some cases. 16, 17 The authors' experience providing comprehensive care to patients with retained teeth due to supernumerary teeth led to the development of algorithms of orthodontic treatment for such cases (Fig. 13) . The decision of which treatment plan to choose primarily depends on the physiological status of the functional dentition (primary or permanent), and the depth and location of the supernumerary tooth.
In a case of primary occlusion and both the retained tooth and the supernumerary tooth are located close to the surface, it is sufficient to extract the supernumerary tooth and wait for self-eruption of the retained tooth, if there is enough space in dental arch. In case of a delay in its eruption the use of a stimulating removable appliance is recommended.
In cases of patients with primary occlusion in which the location of the retained and supernumerary teeth is deep, it is appropriate to postpone treatment until the formation of permanent occlusion. Fig. 11 . The 21-year-old male' s condition 6 months after osteoplasty; the demarcation line between his own bone and the bone substitute is not visible Fig. 12 . The 21-year-old male's tooth 23 has moved into the dental row In cases of permanent occlusion when the retained and supernumerary teeth are located close to the surface, it is enough to extract the supernumerary tooth, expose the crown of the retained tooth and proceed with the orthodontic treatment scheme, which will depend on the availability of space in the dental arch. This treatment approach can be applied in some cases in which both teeth are deep but access to them and orthodontic relocation is not complicated.
However, in some clinical situations of a deep supernumerary tooth, it is advisable to carry out the exposure of the crown of the retained tooth and its orthodontic movement in the first stage. The movement of the retained tooth towards the crest of the alveolar bone will cause the relocation of the supernumerary tooth, which can be extracted in the second stage, under less traumatic conditions. Further orthodontic treatment is carried out in accordance with normal practice.
Sometimes there are clinical situations where as a result of removing a large supernumerary tooth, or several of them, and/or the removal of follicular cysts near the retained tooth, a large defect forms in the bone. In such cases, placing a bone graft with bone substitute and wound closure by mucoperiosteal flap is advisable. The retained tooth may erupt independently, or in the second stage (6-8 months later) it might be necessary to expose the crown of the retained tooth and move it with the help of orthodontic treatment.
With retained and supernumerary teeth, providing comprehensive care can be achieved by the algorithms described above, determined by the clinical situation: the topographical location of the retained and supernumerary teeth, size, their shape and number, the presence of follicular cysts, etc.
